Helicoverpa gelotopoeon is an endemic pest of South America that affects soybean and other important crops. Life tables are a fundamental tool used to study insect populations, resulting in crucial information for integrated pest management programs. Therefore, the aim of this study was to evaluate the biotic potential and the construction of a life table of this species under laboratory conditions. The biological parameters that showed significant differences between male and female were pupal duration, longevity and life span, which were all longer in duration for males. The net reproductive rate (R 0 ) was 95.49, the mean generation time (T) 37.53, and the instantaneous rate of population increase "r" 0.12. The population doubling time (DT) was 5.70 days, and the daily finite rate of increase (λ) 1.13. The maximum rate of population growth occurred in the day 33. Fecundity had two peaks: at days 35 and 37. Gross and net fecundity rate, and the average number of eggs laid per female per day were 565.87, 496.07, and 18.76 respectively. The biotic potential was 2.026 x 10 18 individuals/female/year. The survivorship curve showed that mortality was high during incubation period and first larval instars, then it declined until the death of last adult. These results provide important information to develop management strategies of H. gelotopoeon in South America.
INTRODUCTION
The South American bollworm, Helicoverpa gelotopoeon (Dyar) (Lepidoptera: Noctuidae), is an endemic species of Argentina, Chile, Brazil, Paraguay and Uruguay (Hardwick 1965 , Biezanko et al. 1974 , González 1989 , Pastrana 2004 , Specht et al. 2005 , Navarro et al. 2009 , Candia 2013 .
Helicoverpa gelotopoeon is a polyphagous pest that has been reported feeding on many field and vegetable species such as soybean (Glycine max L.; Fabales: Fabaceae), chickpea (Cicer arietinum L.; Fabales: Fabaceae), cotton (Gossypium hirsutum L.; Malvales: Malvaceae), sunflower (Helianthus annuus L.; Asterales: Asteraceae), corn (Zea mays L.; Poales: Poaceae), alfalfa (Medicago sativa L.; Fabales: Fabaceae), tomato (Solanum lycopersicum L.; Solanales: Solanaceae), line
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MARÍA I. HERRERO et al. (Linum usitatissimum L.; Malpighiales: Linaceae), beans (Phaseolus vulgaris L.; Fabales: Fabaceae) and it also occurs on weeds such us Physalis angulate (L.; Solanales: Solanaceae) (Biezanjo et al. 1974 , González 1989 , Cork and Lobos 2003 , Navarro et al. 2009 ). Larvae of this species can feed on most plant structures including stems, leaves, flower heads and fruits during their development (SINAVIMO 2018) . Soybean production is substantial in South American countries, including Brazil (114 million tons in 2017, CONAB 2018), Paraguay (10 million tons in 2017, CAPECO 2018) and Uruguay (3.2 million tons in 2017, MGAP 2018). In Argentina, soybean has become the most important cultivated crop, reaching over 18 million ha planted with an average production of 39.5 million tons per year (Bolsa de Cereales 2018). Scalora et al. (2012) reported that H. gelotopoeon is capable of producing damage to 81.80% of the stand of plants of soybean. In addition, there are reports that larval stages of this species can consume 340 cm 2 of soybean leaves (Navarro et al. 2009 ) and that larvae of the final stages can consume up to 15 soybean seeds (Iannone and Leiva 1993) . Therefore, the occurrence of this species inflicts significant losses in Argentina. In addition to its polyphagia, H. gelotopoeon has a great mobility, facultative diapause and a higher reproductive potential, encouraging these characteristics its adaptation to different agricultural ecosystems (Herrero et al. 2017) .
The development of an adequate control strategy, with minimal pesticide use, requires basic knowledge on the pest's population dynamics (Pascua and Pascua 2002) . Life tables are an important tool for understanding insect population dynamics and to produce basic knowledge for additional studies, such as behavioral analysis, mass rearing, response to control agents, among others. It provides a summary description of age specific mortality rate, survivorship for each developmental stage and reproduction and it is useful in revealing the maximal growth potential of a population. From a pest management standpoint, it is very important to know the most susceptible stage of the pest and therefore the most opportune periods for its control (Kakde et al. 2014) .
Currently there are no studies concerning on life table, population parameters and biotic potential evaluations for H. gelotopoeon.
Therefore, in order to contribute with helpful information for the management of this pest species, the aim of this study was the construction of a life table and the estimation of population parameters and biotic potential of this species reared in artificial diet at laboratory conditions.
MATERIALS AND METHODS

INSECT COLLECTIONS
Adults of H. gelotopoeon were collected in January, 2017 with a light trap in a commercial soybean field in San Agustín locality (26°50′21"S, 64°51′32"W), Tucumán, Argentina. Moths were identified based on the pictorial key of Navarro et al. (2009) . Collected adults were placed in cylindrical cages with metal mesh (40 cm high and 20 cm diameter) and transported to the laboratory. The adults were placed in chambers under controlled conditions (27 ± 2° C, 70-75% RH, 14:10 L:D photoperiod) to initiate the experimental colonies (i.e., parental generation). Sampled insects were deposited as voucher specimens in the insect collection of the Sección Zoología Agrícola, Estación Experimental Agroindustrial Obispo Colombres, Tucumán, Argentina.
INSECT REARING
Adults collected in the commercial soybean field were arranged in five cylindrical oviposition cages (40 cm high and 20 cm diameter) with polyethylene bags with approximately 25 females and 25 males per cage. For aeration, both ends of the cage were BIOTIC POTENTIAL AND LIFE 
, intrinsic rate of increase (r = In R o /T), population doubling time (DT= ln2/r) and finite rate of increase (λ = e r ). The methodologies described by Carey (1993 Carey ( , 1995 were used. A total of 31 cohorts was used for the present assay.
BIOTIC POTENTIAL
After establishing the biological parameters, the biotic potential (BP) was calculated using the equation described in Silveira Neto et al. (1976) 
RESULTS
SEXUAL DIFFERENCES IN BIOLOGICAL PARAMETERS
All adults sampled from Tucumán were identified as H. gelotopoeon (Velasco de Stacul et al. 1969 , Navarro et al. 2009 ). A total of 95 adults, 52 females and 43 males, were used to determine biological parameters of H. gelotopoeon. The duration of each life stage is presented in Table I . The biological parameters that showed significant differences between male and female were: pupal stage duration (W= 2043; p = 0.005), adult longevity (W= 1918; p = 0.004) and life span (W= 2143; p = 0.008), which were all covered with a nylon cloth, which also served as oviposition substrate for females. Each sample was maintained under the abovementioned conditions. When adults died, they were examined using male genitalia to reconfirm the species according to Velasco de Stacul et al. (1969) . Rearing procedure and diet composition were according to the methodology described by Herrero et al. (2017) .
After establishing a colony for this species, individuals from the second generation (F2) were used for these studies.
BIOLOGICAL AND REPRODUCTIVE PARAMETERS From the experimental colony of H. gelotopoeon, 241 eggs were randomly selected to analyze development time and survivorship of the different stages (egg, larvae instars, pupa and adult) and the resulting sex ratio.
Each egg was examined separately from each other. Then, in pupal stage, sex was determined according to shape and position of genital openings. This procedure allowed us to evaluate the biological parameters for both sexes, even during their larval stage. Larvae were checked daily to determine the transition (molt) to the next instar by visual observation of the cephalic capsules or mortality.
LIFE FERTILITY TABLE AND POPULATION PARAMETERS
Cohorts conformed by one virgin female and one virgin male (less than 24 h old) were conditioned into a cylindrical oviposition cage, similar to those described above, to determine adult longevity and female's reproductive parameters.
Adult survival and female's oviposition were recorded daily to calculate age-specific survival (l x , number of females alive at age x) and age-specific fecundity (m x , number of female offspring produced by females at age x).
These parameters were used to construct life tables and to estimate population parameters of H. gelotopoeon. The population parameters estimated 3834 MARÍA I. HERRERO et al. longer in duration for males ( Table I ). The progeny reared had a sex ratio of 1.19:1 (F:M). We found not differences in pupal mass (265.5 ± 3.41 mg and 265.4 ± 3.41 mg for females and males respectively) and overall larval stage for both sexes.
LIFE TABLES AND POPULATION PARAMETERS
The net reproductive rate (R 0 ) for H. gelotopoeon was 95.49, which indicates that one female could produce, on average, other 95 ± 0.45 new females during their lifetime. Because "R 0 " value was greater than 1.0, the population of H. gelotopoeon under laboratory conditions increased in size.
The mean generation time (T) was 37.53, and the instantaneous rate of population increase "r" was 0.12, indicating that the population was growing at a rate of about 0.12 females/female/day. The population doubling time (DT) was 5.70 days, and the daily finite rate of increase (λ) 1.13. The relation between age-specific fecundity (m x ) and age-specific survival (l x ) is illustrated in Figure 1 . The maximum rate of population growth occurred in the day 33, represented by the first intersection of the specific fecundity and survival lines. Fecundity had two peaks: one at day 35 and the other at day 37 of H. gelotopoeon's life cycle.
Gross fecundity rate was 565.87, net fecundity rate was 496.07, and the average number of eggs laid per day was 18.76. Daily gross and net fecundity curves are shown in Figure 2 .
Considering the survival analysis (Figure 1) , out of the 241 eggs reared on artificial diet, only 123 individuals (51.04%) completed their larval stage and survived to the pupal stage. Among those 123 individuals, only 98 (40%) reached the adult stage. Males and females had similar survival; out of the total of individuals that reached the adult stage, 49.63% were females and 50.36% were males.
The survivorship curve (Figure 1 ) showed a higher mortality rate during the egg stage and first larval instars. Then, it declined slowly until the death of last adult. This curve of lx resembles the theoretical type III survival curve (Rabinovich 1978) .
The life expectancy curve (Figure 2 ) showed 4 periods of high mortality for this species. The first period was from egg stage to first larval instar, the second and third periods occurred from the second to the third instar and from third to fourth instar, respectively, and the fourth one occurred before pupal stage.
In general, the survival fraction was lower in earlier instars as compared to the later instars, suggesting that the probability of dying was higher in early ages. 
DISCUSSION
This study assessed population parameters and biotic potential of an important soybean pest in Argentina. Since there is no published information concerning life table studies of H. gelotopoeon to compare our results with, we compared them with data of other species of this genus, with emphasis on H. armigera (Hübner). In our study, males had a longer pupal stage, adult longevity and life span than females. Similar observations were made by Wu and Wang (2012) for H. armigera pupal stage when they reared it at 23º C. Razmjou et al. (2013) and Naseri et al. (2014) also found that H. armigera males had longer adult longevity and total life span than females. According to Slansky (1980) , reduction in female's longevity seems to be due to reproduction, caused by the drain of energy during oviposition, reducing the sources available for somatic maintenance.
We also observed that this species has a strong protogyneus emergence, which could be unsuitable for reproductive synchronization under laboratory conditions. Female moths were found to emerge on average two nights earlier than males; these results are similar to those found by Herrero et al. (2017) . According to Wu and Wang (2012) , who found the same results for H. armigera, this could be attributed to the significantly longer duration of male pupae compared to that of females. However, some authors that worked with other species of Noctuidae such as H. armigera, Spodoptera litura (Fabricius) and Pseudaletia unipuncta (Haworth), regard protogyny as a strategy to prevent inbreeding depression (Taylor and Shields 1990 , Chen et al. 2014 , Li et al. 2014 .
The net reproductive rate (R 0 ) of females of H. gelotopoeon was lower than that reported for H. armigera by Singh and Yadav 2009, Gomes et al. (2017) and Silva et al. (2017) (332.43; 566 and 303.66 respectively) . The intrinsic rate of increase (r) and the finite rate of population increase (λ) however, showed similar values when compared with other reports of H. armigera (Choudhury et al. 2012 , Razmjou 2013 , Naseri et al. 2014 , Silva et al. 2017 . Time elapsed between generations was in general lower than those found for H. armigera (Dabhi and Patel 2007 , Singh and Yadav 2009 , Jha et al. 2014 , Gomes et al. 2017 , and the time taken 
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MARÍA I. HERRERO et al. for the population of H. gelotopoeon to double in size (DT) was similar to some reports of H. armigera (Choudhury et al. 2012 , Razmjou et al. 2013 and Helicoverpa assulta (Guenée) (Wang et al. 2008) . These results suggest that this species has a high capacity to increase their populations under controlled rearing conditions and probably under field conditions. The maximum rate of population growth occurred between days 32 and 34, which was earlier than that found for H. armigera by Silva et al. (2017) Figure 2 represents the difference between the number of eggs laid with respect to the number of eggs hatched.
Understanding the demographic parameters of a pest is essential to develop an integrated pest management, given that these parameters provide the population growth rate of a species in the current and next generations (Frel et al. 2003) . 
